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Abstract The objective of this study is to compare the

clinical and radiographic results of ultraporous b-trical-

cium phosphate (b-TCP) versus autogenous iliac crest bone

graft (ICBG), through prospective randomized pilot study

(EBM-Level 1), as graft extenders in scoliosis surgery. In

the posterior correction of scoliosis, local bone resected as

part of the procedure is used as the base bone graft mate-

rial. Supplemental grafting from the iliac crest is

considered the gold-standard in posterior spinal fusion.

However, autograft is not available in unlimited quantities,

and bone harvesting is a source of significant morbidity.

Ultraporous b-TCP might be a substitute for ICBG in these

patients and thus eliminate donor site morbidity. A total of

40 patients with adolescent idiopathic scoliosis (AIS) were

randomized into two treatment groups and underwent

corrective posterior instrumentation. In 20 patients, ICBG

harvesting was performed whereas the other half received

b-TCP (VITOSS�) to augment the local bone graft. If

thoracoplasty was performed, the resected rib bone was

added in both groups. Patients were observed clinically and

radiographically for a minimum of 20 months postopera-

tively, with a mean follow-up of 4 years. Overall pain and

pain specific to the back and donor site were assessed using

a visual analog scale (VAS). As a result, both groups were

comparable with respect to the age at the time of surgery,

gender ratio, preoperative deformity, and hence length of

instrumentation. There was no significant difference in

blood loss and operative time. In nine patients of the b-

TCP group and eight patients of the ICBG group, thora-

coplasty was performed resulting in a rib graft of on

average 7.9 g in both groups. Average curve correction was

61.7% in the b-TCP group and 61.2% in the ICBG group at

hospital discharge (P = 0.313) and 57.2 and 54.3%,

respectively, at follow-up (P = 0.109). Loss of curve

correction amounted on average 2.6� in the b-TCP group

and 4.2� in the comparison group (P = 0.033). In the

ICBG group, four patients still reported donor site pain of

on average 2/10 on the VAS at last follow-up. One patient

in the b-TCP group was diagnosed with a pseudarthrosis at

the caudal end of the instrumentation. Revision surgery

demonstrated solid bone formation directly above the

pseudarthrosis with no histological evidence of b-TCP in

the biopsy taken. In conclusion, the use of b-TCP instead

of ICBG as extenders of local bone graft yielded equivalent

results in the posterior correction of AIS. The promising

early results of this pilot study support that b-TCP appears

to be an effective bone substitute in scoliosis surgery

avoiding harvesting of pelvic bone and the associated

morbidity.
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Introduction

In posterior spinal fusion (PSF), the local bone that is

resected as part of the procedure serves as the base bone

graft. However, there is disagreement with respect to the

need for, and type of, supplemental graft material to

accomplish fusion, particularly regarding long segment
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spinal fusion in the posterior correction of adolescent idi-

opathic scoliosis (AIS) [1, 6, 8, 9, 11, 12, 14, 15, 17, 20, 22,

25, 26, 29–31, 33, 34, 37, 38, 42, 45]. Sengupta et al.

reported significantly better fusion rates in multilevel

posterolateral fusion with autogenous iliac crest bone graft

(ICBG) than with local bone alone [42]. Autograft is still

the accepted gold-standard in bone grafting [19, 40].

Nevertheless, harvesting autogenous bone from the ilium

has shown to be associated with substantial intra- and

postoperative morbidity as well as increased length of

surgery and blood loss [2, 4, 18, 21, 39, 41, 43, 44, 46]. All

this might lead to additional costs, recovery time, and

disability. Moreover, appropriate autograft is not available

in unlimited quantities.

Therefore, a number of authors advocate allograft aug-

mentation to achieve successful spinal fusion, reporting

comparable results to the use of autograft [3, 6, 12, 14, 17,

20]. Concerns, however, exist regarding the efficacy of

frozen or freeze dried allograft, the potential of immuno-

genicity, and the hazard of microbial contamination,

though the rate of disease transmission has proven to be

low [1, 13, 24, 26, 47]. In addition, the use of allograft is

associated with considerable expense, and patients’ reser-

vations towards allograft implantation may play an

important role as well [23]. Consequently, the development

of reliable and cost effective bone substitutes is a funda-

mental need of spine surgery.

A promising solution might be the use of osteoconductive

synthetic bone substitutes, which consist of hydroxyapatite,

tricalcium phosphate, calcium sulfate, or a mixture of these

minerals. Combined with local bone graft and/or bone

marrow aspirate (BMA) from vertebral bodies or the iliac

crest the resulting composite features osteoinductive and

osteogenic potential as it contains relevant growth factors

as well as osteoprogenitor cells [5, 7, 16, 19, 28, 32, 35, 36].

The application of these materials as a graft extender in

PSF has been reported to be favorable, however, most

study results are preliminary [8, 9, 11, 15, 22, 29, 31, 33,

34, 38].

VITOSS� synthetic cancellous bone void filler (Ortho-

vita, Inc., Malvern, PA, USA) represents an advanced

formulation of tricalcium phosphate that is composed of

nanometer sized pure b-tricalcium phosphate (b-TCP)

particles. It has a 90% interconnected porosity with micro-,

meso-, and macropores, ranging in size from 1 to

1,000 lm. While its meso- and macroporosity provides

space for cell seeding and bone and blood vessel ingrowth,

the effective wicking of the hydrophilic micropores facil-

itates the migration of oxygen, nutrients, and cells via

capillary forces. Scaffold resorption is mediated through

phagocytosis of the nanometer sized particles as part of the

remodeling of the newly formed bone [7, 16, 28].

This prospective randomized pilot study (EBM-Level 1)

compares the results of posterior correction and fusion with

the use of ultraporous b-TCP as a graft extender versus

augmentation with ICBG for the treatment of AIS. In

addition, the morbidity associated with ICBG harvesting

was evaluated.

Materials and methods

Study design

Between December 2000 and August 2003, 40 consecutive

patients with AIS who were scheduled for corrective sur-

gery at our institution were enrolled in this prospective

pilot study and randomized to receive either ultraporous b-

TCP or autograft from the posterior iliac crest to augment

the local bone graft (from here on ‘b-TCP group’ and

‘ICBG group’). All deformities were treated by means of

posterior corrective instrumentation using a titanium ped-

icle screw and rod system and fusion with additional

grafting. None of the patients had prior spinal surgery.

Written informed consent was obtained from all patients.

The protocol was approved by the institutional review

board (IRB) of the University.

Patient data

The b-TCP group included 18 females and 2 males, and the

ICBG group consisted of 16 females and 4 males. The

average age at the time of surgery was 18.5 years in the b-

TCP group and 19.5 years in the ICBG group (P = 0.158).

Both groups were well matched regarding curve types

according to the classification system of King et al. [27].

The baseline clinical characteristics and curve classifica-

tion of all patients are listed in Table 1. Both groups were

also comparable with respect to the magnitude of the pre-

operative major curve (b-TCP group: average Cobb angle

[10] 59.1�; ICBG group: 60.8�; P = 0.168; see Table 3).

All patients underwent clinical examination as well as a

detailed radiographic analysis preoperatively, postopera-

tively, and at all follow-up visits (3-, 6-, 12-, 24-, and

48-months). Thirty-eight patients (95%) had an average of

49 months of complete clinical and radiographic follow-

up, with a minimum follow-up of 40 months. One patient

in the ICBG group who attended the 24-months follow-up

died in a car accident 3 years after surgery. One patient in

the b-TCP group with a follow-up of 20 months was

diagnosed with a pseudarthrosis and underwent revision

surgery. The patient’s data collected before the revision

were included in the evaluation to follow the ITT (intention

to treat) regulations.
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Perioperative parameters

The perioperative parameters that were collected and

evaluated included operative time, estimated blood loss

(EBL) intraoperatively, blood retransfusion by cell saver,

blood transfusion requirements, blood drained, number of

motion segments fused, weight of harvested bone, intra-

and postoperative complications.

Radiographic analysis

In all patients, standardized long-cassette posteroanterior

and lateral radiographs in standing posture (together with

preoperative side bending radiographs) were obtained

before surgery, after postoperative mobilization, and at all

follow-up visits. Postoperative radiographs were closely

examined for implant failure in terms of breakage, dislo-

cation, and loosening, as well as for defects in the fusion

mass as indicators of nonunion. Furthermore, curve cor-

rection and potential loss of correction (using the same

vertebral segments as preoperative) were carefully asses-

sed. Following the established criteria for possible and

definite pseudarthrosis, the presence of a definite pseudar-

throsis was proven by radiographically visible implant

failure or by direct evidence of a defect in the fusion mass

at the time of surgical exploration [6]. A possible pseud-

arthrosis was considered if one of the following situations

was encountered: (1) loss of curve correction greater than

10�, (2) persistent midline back pain of moderate to severe

intensity, or (3) radiographically visible defect in the fusion

mass.

Assessment of pain and analgesic use

Overall pain and pain specific to the back and donor site

were assessed using a visual analog scale (VAS; range 0–10)

preoperatively, at hospital discharge, and at all follow-up

visits. The use of any analgesic during the study was also

recorded.

Data analysis and statistics

Following summation of the presented data, mean values

(together with median and standard deviation) were cal-

culated for age at the time of surgery, follow-up time,

perioperative parameters, preoperative, postoperative, and

latest Cobb angle of the major curve, initial and final

proportional curve correction, loss of curve correction, and

VAS pain scores. All values were analyzed using the

Mann–Whitney-U-test. Statistical significance was deter-

mined at the P \ 0.05 level.

Surgical procedure

All 40 patients underwent corrective instrumentation

through a posterior procedure using a multisegmented

titanium pedicle screw and rod system (Micomed Pos-

terior Dual Rod System, micomed Ortho AG, Unteraegeri,

Switzerland). Patients were randomized in a 1:1 ratio to

undergo either a standard bone graft harvesting procedure

of the posterior iliac crest or to receive b-TCP: cancellous

ICBG or 15 cc of b-TCP in single major curves and

corticocancellous ICBG or 30 cc of b-TCP in double

major curves. Treatment assignments were generated

through the use of a blocked randomization scheme and

provided in sequentially numbered envelopes. All opera-

tions were performed by the two surgeons (V.B., U.L.)

using a standard technique. After exposure of the spine

and release of the facet joints, pedicle screws were placed

at the strategic vertebrae. In high thoracic levels where it

was not possible to place screws, hooks were used instead.

A pre-bent rod was then inserted, and correction was

Table 1 Patient characteristics

and curve classification

All values displayed in bold

letters are mean values

b-TCP (n = 20) ICBG (n = 20) P

Female 18 16

Male 2 4

Age at time of surgery (years)

(median; SD; range)

18.5 (17; ±4.4; 12.9–26.1) 19.5 (18.5; ±4.3; 14.1–27.8) 0.158

Follow-up (months) 46.8 (45.9; ±9; 20–61) 48.8 (48.2; ±10.2; 24–69) 0.280

Curve types

King I 3 2

King II 8 8

King III 5 7

King V 4 1

Triple curve 0 1

Thoracolumbar 0 1
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accomplished by a combination of the cantilever and rod

rotation technique with slight concave distraction and

convex compression. Thereafter, a wake-up test was con-

ducted to evaluate the neurologic status. The spinous

processes were then resected and the laminae decorticated.

In the ICBG group, the morselized local bone procured

from the removal of the spinous processes was placed

together with either pure cancellous (n = 11) or cortico-

cancellous ICBG (n = 9), respectively, on the decorticated

posterior vertebral elements. In the experimental arm, the

local bone graft was mixed with b-TCP and blood oozing

from the decorticated laminae. The resulting composite

was allowed to gel for at least 15 min before application. In

every case, the surgeon was blinded as to which group the

patient was assigned to until it was time for the application

of the graft, at which time the envelope with the treatment

assignment was opened. To address prominent rib cage

deformity, thoracoplasty was performed. In both groups,

the resected rib bone was added to the graft volume.

Postoperative management

No postoperative bracing was administered. All patients

were restricted from bending or lifting greater than 5 kg for

6 months and from sport activities for 1 year, except for

swimming and cycling which were allowed after 3 and

6 months, respectively.

Results

Perioperative parameters

Perioperative data are presented in Table 2. Operation

time averaged 212.3 min in the b-TCP group and

222.5 min in the ICBG group (P = 0.167). Mean esti-

mated blood loss (EBL) was 1124 ml for the b-TCP-

treated patients, including one patient with an extraordi-

nary high EBL of 3,800 ml due to a bleeding disorder. In

the ICBG group, EBL averaged 1,020 ml (P = 0.403). If

the patient with the bleeding disorder was excluded from

the analysis, mean EBL at 983 ml was slightly lower in

the b-TCP group (P = 0.296). Mean fusion length was

9.9 segments in the b-TCP group and 9.2 segments in the

ICBG group (P = 0.137). Weight of the harvested local

bone per each motion segment fused averaged 3 g in the

b-TCP group and 2.6 g in the ICBG group (P = 0.023).

In the experimental group, the eight patients with a single

major curve received 15 cc and the 12 patients with a

double major curve 30 cc of b-TCP. In the ICBG group,

the local bone graft was supplemented with on average

13.2 g of cancellous ICBG in the 11 patients with a

single major curve and with on average 23.3 g of corti-

cocancellous ICBG in the nine patients with a double

major curve. In every patient with corticocancellous and

in one patient with cancellous bone grafting, a drain was

Table 2 Perioperative parameters

b-TCP (n = 20) ICBG (n = 20) P

Operative time (min) (median; SD; range) 212.3 (205; ±37; 150–270) 222.5 (227.5; ±34; 160–300) 0.167

EBL (ml) 1124a (950; ±816, 400–3800) 1020 (850; ±456; 450–2400) 0.403

Cell saver retransfusion (ml) 358a (248; ±330; 0–1300) 289 (245; ±228; 0–783)

Blood requirements (no.)

Intraoperative 0.6 (0; ±1; 0–3) 0.4 (0; ±0.7; 0–2)

Postoperative 0.7 (0; ±1; 0–3) 0.9 (0; ±1.1; 0–3)

Iliac crest drain (no.) – 10

Blood drained (ml) – 169 (155; ±118; 10–400)

Segments fused (no.) 9.9 (10.5; ±1.9; 7–13) 9.2 (9.5; ±2.3; 6–13) 0.137

Local bone graft per segment fused (g) 3 (2.8; ±0.6; 1.4–3.9) 2.6 (2.6; ±0.7; 1.7–4.0) 0.023

15 cc b-TCP (no.) 8 –

30 cc b-TCP (no.) 12

Cancellous ICBG (no.) – 11

Weight (g) 13.2 (11; ±5.6; 6–22)

Corticocancellous ICBG (no.) – 9

Weight (g) 23.3 (23; ±4.2; 18–32)

Thoracoplasty (no.) 9 8

Rib graft (g) 7.9 (8; ±2.3; 4–10) 7.9 (8; ±2; 5–10)

All values displayed in bold letters are mean values

EBL Estimated blood loss
a Includes one patient with a bleeding disorder who lost 3,800 ml
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inserted at the end of the procedure. Average amount of

blood drained was 169 ml. The remaining ten patients

had their donor site incisions closed without a drainage

device. Nine patients in the b-TCP group and eight

patients in the ICBG group underwent thoracoplasty. In

both groups, the harvested rib bone was added to the

graft volume. Weight of the rib graft averaged 7.9 g for

both study arms.

Adverse events

Intraoperative complications in the b-TCP group included

five patients with a prolonged wake-up test ([30 min)

including one patient with an extensive bleeding diathesis

with a blood loss of 3,800 ml. There were no complications

during surgery in the ICBG group. Postoperative compli-

cations in the b-TCP group were: pleural effusion without

need for pleuracentesis (n = 2), subcutaneous seroma

requiring puncture (n = 1), revision of one screw which

was placed in close proximity to the aorta (n = 1), and a

pseudarthrosis which was revised (see below). None of

these complications was considered related to the study

material (b-TCP). Complications in the ICBG group were:

pleural effusion (n = 3) with need for pleuracentesis in one

patient, subcutaneous seroma requiring puncture (n = 1),

and pneumonia (n = 1).

Curve correction and loss of correction

The complete radiographic data are listed in Table 3. In the

b-TCP group, Cobb angle of the major curve averaged

59.1� before surgery, 22.9� immediately after surgery

(correction of 61.7%), and finally 25.5� (correction of

57.2%). In the ICBG group, Cobb angle measured on

average 60.8� preoperatively, 23.8� postoperatively (cor-

rection of 61.2%), and 28� at follow-up (correction of

54.3%). Initial and follow-up proportional correction were

not statistically different between the groups (P = 0.313

and P = 0.109, respectively). Comparing the ICBG group

and the subgroups b-TCP with and without rib graft also

revealed no significant differences. Loss of curve

correction averaged 2.6� in the b-TCP group and 4.2� in the

ICBG group (P = 0.033).

Fusion assessment: possible and definite pseudarthrosis

At the most recent follow-up, all patients in the ICBG

group and all but one patient in the b-TCP group were

considered fused as assessed by conventional radiography,

showing a continuous and mature fusion mass in the

residual curves’ concavity without any evidence of implant

failure (see Figs. 1, 2). Generally, the b-TCP morsels could

not be observed or were only slightly visible up to the 6-

months follow-up.

One patient in the b-TCP group with persistent midline

back pain of 8/10 on the VAS presented a progressive

lucency around one screw at the caudal end of the instru-

mentation at T12, which was obvious on radiographs as

early as 2 months postoperatively (see Fig. 3), and was

considered as definite pseudarthrosis. Revision surgery

20 months after the index surgery confirmed the pseudar-

throsis at T11/12 without any further defect in the entire

fusion mass above. Biopsies taken from T10/11 showed

solid bone formation without evidence of b-TCP (see

Fig. 4). The patient underwent complete hardware removal

and local re-instrumentation with fusion using ICBG.

There were no patients with a loss of curve correction

C10�, another criterion for possible pseudarthrosis.

Two patients in the b-TCP group who had underwent

thoracoplasty complained of moderate to severe back pain

of 5 and 8/10, respectively, on the VAS (2 and 6/10 pre-

operatively) at final follow-up (41 and 61 months

postoperatively). The patient with intense back pain had

been diagnosed with a chronic pain syndrome already

before surgery. In the ICBG group, three patients with

thoracoplasty in one case reported back pain ranging from

5 to 6/10 on the VAS (1, 2, and 5/10 preoperatively) at last

follow-up (49, 51, and 56 months postoperatively). All

these patients complained of paravertebral back pain, and

no midline pain. Radiographically, there was no evidence

for nonunion in these cases, and the presence of an infec-

tion was excluded as well.

Table 3 Radiographic results

coronal plane

All values displayed in bold

letters are mean values

b-TCP (n = 20) ICBG (n = 20) P

Cobb angle major curve (�)

Preoperative (median; SD; range) 59.1 (58; ±7.2; 48–71) 60.8 (60; ±5.5; 52–72) 0.168

Postoperative 22.9 (21.5; ±7.6; 10–43) 23.8 (21.5; ±7; 13–36) 0.352

Follow-up 25.5 (24.5; ±8.7; 14–47) 28 (25.5; ±8.1; 17–44) 0.136

Curve correction (%)

Postoperative 61.7 (63.3; ±10.7; 39.4–81.8) 61.2 (61.6; ±9.1; 47–79.7) 0.313

Follow-up 57.2 (61.1; ±12.4; 29.3–72.7) 54.3 (54.4; ±10.6; 33.3–73.4) 0.109

Loss of curve correction (�) 2.6 (2; ±2.2; –2–7) 4.2 (3.5; ±2.3; 1–9) 0.033

174 Eur Spine J (2009) 18:170–179
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VAS Pain scores and analgesic use

Pain scores as assessed by VAS are presented in detail in

Table 4. VAS scores were reported for 39 of the 40

patients. One patient in the ICBG group did not fill out the

VAS. At hospital discharge, the VAS score for overall pain

was statistically higher in the ICBG group than in the b-

TCP group (P = 0.036) but was not statistically different

between before surgery and at the most recent follow-up.

Figure 5 displays the course of donor site pain. Four

patients still complained of slight pain at the harvest site of

on average 2/10 on the VAS at follow-up. No patients in

either group reported use of an analgesic preoperatively. At

hospital discharge, nine patients in the b-TCP group and 12

patients in the ICBG group needed an analgesic. Finally,

four patients in the b-TCP group and two patients in the

ICBG group were using an over the counter analgesic

occasionally, predominantly because of painful muscular

tension, especially in the neck and shoulder region.

Discussion

This prospective randomized pilot study with a mean fol-

low-up of 4 years demonstrates that the use of ultraporous

b-TCP as a graft extender provides results comparable to

those of ICBG in attaining spinal fusion using transpedic-

ular instrumentation in the posterior correction of AIS. This

supports other reports presenting b-TCP as an effective

graft extender in posterior spinal fusion procedures [15, 22,

33, 34].

In the current study, the two treatment groups were well

matched in terms of age at the time of surgery, gender

ratio, distribution of curve types, magnitude of the preop-

erative major curve, and thus length of instrumentation. At

final follow-up, both groups had virtually identical out-

comes, except for four patients in the ICBG group who still

complained of donor site pain.

Persistent pain at the donor site is the most common

complication of harvesting procedures [2, 4, 18, 21, 39, 41,

43, 44, 46]. Goulet et al. and Sasso et al. reported 19

respective 31% of patients still experiencing pain 2 years

after harvesting of pelvic bone [21, 41]. Skaggs et al.

Fig. 1 Posteroanterior radiographs of a 16-year-old girl (at the time

of surgery) out of the b-TCP group (without thoracoplasty) showing a

King I scoliosis with a thoracic curve of 54� from T6 to T12 and a

lumbar curve of 58� from T12 to L4 and the instrumentation from T6

to L4 at last follow-up, 52 months after surgery

Fig. 2 Postoperative and

follow-up posteroanterior

radiographs (3-, 7-, 11-, and 52-

months) of the patient presented

in Fig. 1 with focus on the

lumbar curve demonstrating a

progressive resorption of the b-

TCP morsels and the formation

and maturation of a continuous

bony fusion mass visible at the

curve’s concavity
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reported that even 4 years after posterior iliac crest bone

grafting in children 15% of patients suffered from pain

severe enough to limit daily activity [43]. In this study, the

VAS score for overall pain at hospital discharge was sta-

tistically higher in the ICBG group than in the b-TCP

group whereas the VAS scores for back pain were not

statistically different. The maximum donor site pain was

found after 6 months, which matches the results of Rob-

ertson et al. [39]. At this time, patients normally are no

longer restricted from bending or lifting as well as from

swimming and cycling which strains the affected ilium. At

the most recent follow-up, four patients in the ICBG group

still experienced slight pain or discomfort at the donor site.

Even though the differences in VAS pain scores were

marginal in this study, and no major complications were

observed, the potential morbidity of harvesting procedures

can be completely avoided using bone substitutes like b-

TCP. In addition, the cosmetic aspect has to be considered.

Most female patients in the ICBG group with a second

incision at the ilium were unhappy with the scar, which

frequently was more prominent than the midline scar.

A number of authors reported significant lower blood

loss and reduced operative time using synthetic bone graft

substitutes or allograft instead of ICBG [3, 12, 17]. Com-

pared to the ICBG group, operative time in the b-TCP

group was slightly reduced by 10 min though not statisti-

cally significant. However, it has to be considered that five

patients in the b-TCP group had a prolonged wake-up test

([30 min), and that one more patient in this group

underwent thoracoplasty. Due to these differences and one

patient in the b-TCP group with a bleeding diathesis and

thus an extraordinary high blood loss mean intraoperative

blood loss was slightly higher than in the ICBG group.

There was one patient in the b-TCP group who experi-

enced pseudarthrosis at the caudal end of the

instrumentation at T12. Given that in this case screw

loosening became radiographically evident as early as two

months after surgery and was accompanied by continued

back pain, this failure might be the result from insufficient

instrumentation and localized mechanical stresses, rather

than a failure of the graft extender per se. Normally, a

Fig. 3 Postoperative

radiographs of a 24-year-old girl

(at the time of surgery) out of

the TCP group with a

pseudarthrosis at the caudal end

of the instrumentation at T12:

close-up view 1 week after

surgery, 2 months

postoperatively showing a slight

lucency around the right pedicle

screw (arrow), and 10 months

after surgery with progression

of the lucency confirmed by

computed tomography

Fig. 4 Biopsy taken from the fusion mass at T10/11 in the patient

with the pseudarthrosis at T11/12 presented in Fig. 3 showing solid

bone formation without evidence of b-TCP

176 Eur Spine J (2009) 18:170–179
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foundation of a pair of bilateral pedicle screws is placed at

the two most distal vertebrae. However, in this case a pair

of pedicle screws was placed only at the convexity while at

the concavity T12 was instrumented with T10 being the

next neighboring vertebra instrumented. This assumption

appears to be supported by the fact that during revision

surgery the graft material directly above the pseudarthrosis

had matured into solid bone with no histological evidence

of remaining b-TCP in the biopsy taken.

A number of recent studies recommended the use of

bone substitutes in combination with BMA [5, 7, 16, 19,

28, 32, 35, 36]. In this pilot study, b-TCP was mixed with

local bone resected as part of the procedure and blood

oozing from the decorticated laminae thus adding some

osteoinductive and osteogenic components as well. An

efficient technique to obtain abundant BMA, which was not

followed in the present study but is currently our clinical

practice, is to take BMA directly from vertebral bodies

during instrumentation: after the pedicle is opened with an

awl and the vertebral body perforated with a probe, a

syringe is applied to aspirate the bone marrow. In this

regard, McLain et al. reported that aspirates of vertebral

marrow showed equivalent or even greater concentrations

of progenitor cells compared with matched controls from

the iliac crest [32].

Limitations of the study

From a methodological perspective, it would have been

better to discard the harvested rib bone in the patients who

underwent thoracoplasty since this provides additional

autogenous bone graft material which by itself might pro-

vide sufficient graft augmentation. However, discarding the

rib graft was considered to be unethical.

Conclusions

This prospective randomized pilot study compares the use

of b-TCP as a graft extender versus autogenous bone from

the iliac crest in 40 patients with AIS who underwent

posterior correction and fusion of their deformity. After an

average follow-up of 48 months, both materials provided

equivalent results. Thus b-TCP appears to be an effective

bone substitute which makes it possible to avoid bone

harvesting from the iliac crest and its related morbidity in

these patients.
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